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ABSTRACT
This paper focuses on aligning engineering design with accreditation requirements in engineering education. 
To be an accredited curriculum, education programs must incorporate graduate attributes required by program 
accrediting professional bodies. Graduate attributes are the required benchmarks for students to attain their 
specific qualities and abilities within a higher education institute. Most higher education institutions identify 
a list of expected graduate attributes or outcomes that are incorporated in their educational programs to 
be accredited by an accrediting professional body such as Engineers Australia (EA), Accreditation Board of 
Engineering and Technology (ABET) in the United States, and the European Accreditation of Engineering 
Programs (EUR-ACE) in Europe. This paper evaluates the program educational objectives, student outcomes, 
assessment methods and evaluation of different undergraduate engineering programs. It assesses how en-
gineering design is practiced and incorporated as an important element of the graduate attributes through 
project oriented design based learning curriculum aligned with professional accreditation requirements.
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INTRODUCTION
Accreditation is a periodic assessment of an 
education program for any discipline against the 
accreditation standards. Appropriately trained 
and independent practicing engineers from both 
industry and academic are normally selected as 
peer reviewers for a professional accreditation 
panel. In regards to the higher education sec-
tor, the Australian higher education institutions 
have identified a list of expected graduate at-
tributes or outcomes that are incorporated in 
their educational programs to be accredited 
by Engineers Australia. Graduate attributes 
are the required benchmarks for students to 
attain their specific qualities and abilities 
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within a higher education institute. Engineers 
Australia is a professional accreditation body 
for graduate and higher education programs 
in engineering. When students graduate from 
an accredited engineering program, they are 
required to be assessed by the relevant profes-
sional accrediting body to become qualified 
engineering graduates. Design based learning 
(DBL) is an approach for learning and teaching 
which is employed in engineering education. 
There are many research studies that justify the 
benefits of DBL in engineering education. By 
looking at the focus on design based learning 
by world accreditation bodies, this research 
identifies the need to enhance important skills 
such as innovation and creativity through a 
holistic learning process that incorporates 
design based learning features. The in-depth 
analysis involved undergraduate engineering 
programs at Deakin University which covered 
the program educational objectives, student 
outcomes, assessment methods and evaluation 
of different engineering programs.
ENGINEERING DESIGN
Engineering design is one of the fundamental 
processes and activities in engineering and all 
other engineering activities relate to it. Studying 
engineering involves not only learning scientific 
knowledge and technological skills; it also 
necessitates learning the language, established 
practices, beliefs, and professional values of 
engineering culture that makes an engineer. 
Richard M Felder (Felder, 1988) identifies 
‘Engineering Design’ as a systematic, intelligent 
process in which designers generate, evaluate, 
and specify concepts for devices, systems, or 
processes whose form and function achieve 
clients’ objectives or users’ needs while satisfy-
ing a specified set of constraints.
Engineering design problems are classified 
as open-ended problems that generally have 
multiple correct solutions (Dym, 2005). A for-
mal systematic problem-solving methodology 
is useful for these types of problems. Design 
is a continuous process of problem solving 
which could involve multiple iterations (de 
Vere, 2009). The design process starts with 
identifying the problem. This allows students to 
search for possible opportunities to assist them 
in understanding the problem and therefore de-
velop a design brief (Jonassen, 2009). Through 
research, students can then gather information 
on different methods, approaches and ideas to 
allow them to seek new solutions. When a new 
solution is implemented, a model or a prototype 
is developed. The prototype is then tested and 
evaluated against the specifications developed 
in the design brief for functionality.
ACCREDITATION 
REQUIREMENTS ON 
ENGINEERING DESIGN
The implementation of the graduate attributes 
in professional education programs varies from 
one institution to another. Each attribute has a 
range of elements that students must demon-
strate depending on the comprehensive program 
structure requirements. When identifying gradu-
ate attributes particularly for undergraduate 
engineering programs in Australia, the program 
accrediting body (EA) initiates a set of attribute 
elements specified in “Stage1 competencies and 
elements of competency”(EA, 2012). It states 
that one of the important engineering abilities 
is the application of systematic engineering 
synthesis and design processes. Every unit 
outcomes in all engineering courses should 
meet the standards required by the newly 
introduced Tertiary Education Quality and 
Standards Agency (TEQSA) and the Australian 
Qualifications Framework (AQF) to provide 
a high quality education to students. Figure 1 
shows the overall percentage of the standards 
imposed by three professional accrediting 
bodies in incorporating the engineering design 
outcomes in accredited engineering programs.
Figure 1 illustrates the engineering design 
competency expected by selected accreditation 
bodies; Engineers Australia (6%), Accredita-
tion Board for Engineering and Technology 
(18%)(ABET, 2012-2013), and the European 
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Accreditation of Engineering Programmes 
(17%)(ENAEE, 2008). These accreditation 
bodies focus on the design processes, ability 
to design, and engineering design practice as 
important attributes of the engineering outcomes 
based education.
DESIGN BASED LEARNING
Design based learning (DBL) is a self-directed 
approach in which students initiate learning 
by designing creative and innovative practical 
solutions which fulfil academic and industry 
expectations. Design based learning is an ef-
fective approach for learning that is centred 
on a design problem solving structure. It was 
adopted from a combination of problem and 
project based learning (Du, 2009; Kolmos, 1996; 
Michel, 2009). Design projects have been used 
to motivate and teach science in elementary, 
middle, and high school classrooms and help 
to open doors to possible engineering careers. 
Design based learning has been implemented 
more than a decade ago; however it is a concept 
that still needs further development. Therefore 
it is very important to characterise DBL as 
an educational concept in higher engineering 
education (Dopplet, 2008; Gómez Puente, 2011; 
Doppelt, 2007).
To provide students with a better practice 
in design and technology, DBL involves several 
advantages such as good design that meets the 
social, economic and industrial needs. It is also 
an active learning process that requires students 
to practice and recognize different learning 
styles and team based activities that support 
learning and sharing through cooperative meth-
ods (Vere, 2009; Wijnen, 1999). Teaching with a 
purpose of facilitating creativity helps students 
learn more about their own creative abilities and 
attain greater personal and professional success 
and satisfaction through creative efforts (Tref-
finger, 1994; Liu, 2004). The important goal for 
educators is to encourage students learning on 
design process, which develops their creative 
thinking skills in engineering (Davis, 1998; 
Doppelt, 2009).
Figure 2 illustrates the focus of three 
professional accreditation bodies on the aca-
demic and industry requirements on design, 
which incorporates innovation and creativity 
as important skills. A design based learning 
environment helps create a curriculum that 
offer 21st Century Skills for students such as 
hands-on work, problem solving, collaborative 
teamwork, active learning, and engagement 
with real-world assignments.
PROJECT ORIENTED DESIGN-
BASED LEARNING (PODBL)
The newly proposed approach, Project-oriented 
design based learning (PODBL) is applicable in 
motivating students and teaching engineering 
design in the classrooms to get more practi-
cal experience that fulfill the academics and 
Figure 1. Accreditation bodies focus on engineering design
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industry needs. Project-oriented design based 
learning is established to have a positive effect 
on student content knowledge and the develop-
ment of skills such as innovation and creativity 
which increases their motivation and engage-
ment (Chandrasekaran, 2012b). It is a challenge 
to develop a framework and implement the 
PODBL approach in meaningful ways. This 
research aims to find a method or a framework, 
which will balance the teaching and learning by 
incorporating design, innovation and creative 
skills in engineering education.
When students are involved in solving a 
problem through a creative project, they will 
experience meaningful ideas that allow them to 
analyse suitable solution to solve the problem. It 
is a basic quality for a professional to deal with 
problems and find solutions for the problems. 
Educational institutions need to teach and train 
students not only to be a problem solver but 
also should think about achieving innovative 
and creative skills. There are different kinds 
of existing problems in engineering; Design 
problems are likely to attract young and imagi-
native students. The Projects are considered 
to be the best way of student interaction with 
teachers (Chandrasekaran, 2012a). In addition 
to providing students with better practices in 
design and technology, project oriented design 
based learning involves several advantages such 
as good design that meets the social, economic 
and industrial needs (Chandrasekaran, 2013a; 
Deakin, 2012). PODBL is an active learning 
process, which allows the students to practise 
and recognize different learning styles that 
support learning and sharing through coopera-
tive methods (Chandrasekaran, 2013b, 2013c, 
2013d).
PODBL Learning Principles
Project oriented design based learning principles 
are developed to provide a structure for the 
teaching and learning process. These principles 
are not standards or curriculum statements but 
they provide strong basement for an effective 
pedagogy. The learning principles always en-
sure the teachers involvement in teaching that 
fulfills the students expected standards (Graaff 
E. D, 2007). Figure 3 illustrates the PODBL 
learning principles.
The PODBL learning principles are further 
elaborated in the following discussion below:
• Research Based Learning: In engineering 
education, the focus of curriculum structure 
is on different aspects of education such 
as creativity, research and innovation. 
In research based learning, students are 
involved in solving problems through a 
creative project. It enables students to ex-
perience meaningful ideas, which allows 
Figure 2. Design based learning
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them to analyse the suitable solution for 
it. The important key is that students need 
to integrate their knowledge in any design 
process through research-based learning. 
The design process is similar to a problem 
solving method. In research based learning, 
staff and students work together in different 
fields through innovation oriented research 
projects. The innovative outcomes of this 
research project are utilized for various pur-
poses of the societal needs. The education 
sector plays an important role to transfer the 
research results to real world application. 
The academic knowledge and experience 
are the continuing investment to establish 
a permanent network and communication 
between industry and universities;
• Student Driven Learning: In student 
driven learning, students independently 
complete a research or investigate a project 
on an assigned topic, which improves their 
personal development, problem solving, 
decision-making skills and technical com-
petence. As self-driven learners, students 
are independent, self-disciplined, self-
confident and goal oriented. As individual 
learners, they have to face the challenges 
such as aspects of learning, learning meth-
ods, resources and time management. The 
staff acts as facilitators in this learning pro-
cess by assisting them to identify the learn-
ing point, inquiry skills, decision-making, 
problem solving and self-evaluation. The 
learners experience the transition from 
“listen to learn” to “think to learn”;
• Outcome Based Learning: Outcome 
based learning is an outcome-oriented 
way to teach, which encourages the par-
ticipants to get involved in intelligently 
designed activities and learn through their 
own experience. It involves activities 
such as research, decision-making and 
writing that motivate the students to get 
an opportunity to acquire deeper learning 
(De Graaff, 2003). It is an active process, 
which involves students in situations that 
require them to observe, analyse, write and 
communicate. Students are responsible to 
be organized in outcome-based learning. It 
is a theory about knowledge and learning. 
Outcome based learning is an instructional 
method characterized by the use of real 
world problems as a context for students to 
learn critical thinking and problem solving 
skills, and acquire knowledge of the essen-
tial concepts of the course (Duch, 1995);
• Analytical Thinking: A process where 
theory and practice come together to 
provide a unique solution that extends the 
students’ lifelong learning. The students 
identify different approaches to solve 
a problem through a decision-making 
Figure 3. PODBL learning principles
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process that creates logical conclusions. 
Analytical thinking is a methodologi-
cal process of breaking a problem down 
through the application of knowledge and 
various analytical techniques. Analytical 
thinking is convergent, it narrows down to 
small number of ideas that can be further 
analyzed and implemented (Amer, 2005);
• Collaborative-Based Learning: The 
collaborative-based learning aspect is 
a social approach where learning takes 
place through dialogue and communica-
tion. The majority of the learning process 
takes place in-group or teams. In develop-
ing their personal competencies, students 
select their own learning goals, analyse 
problems and frame questions with respect 
to the information they lack to solve the 
problems. Staff members act as facilitators 
for every student research project. The staff 
provides ongoing support for students to 
enhance their learning capability to work on 
industry based projects, internships, sum-
mer jobs, campus recruitment. Gardner and 
Hatch in Gardner (1989) stated that ‘Intel-
ligence is the capacity to solve problems’. 
Therefore students should learn to integrate 
knowledge from different disciplines and 
therefore learn to select methods, theories 
and tools to come up with a solution that is 
based on the chosen problem. By engaging 
in collaborative based learning, students 
develop knowledge, experience practical 
design and prototyping and encounter 
real world experience in interdisciplinary 
environment.
PODBL PRACTICING CYCLE
Project-Oriented Design Based Learning 
(PODBL) is a teaching and learning approach 
(TLA) that is based on engineering design 
activities while driven by a project. PODBL 
as implemented at Deakin Engineering Faculty 
seeks to encourage independent learning and a 
deep approach to learning. It is also an approach 
that supports the development of information 
literacy and design thinking in the field of 
tertiary education - two of the key learning 
outcomes in engineering at present.
There are many versions of project based 
learning as well as design based learning. 
Deakin’s engineering approach is a unique 
combination of the two. PODBL indicates that 
students learn through real engineering design 
activities while driven by a project that has a 
defined deliverable that is presented to them by 
industry partners or academic staff.
In Deakin, participants work in PODBL 
teams of four to six members together with 
a facilitator. The same group meets regularly 
throughout the trimester to work on a series 
of design activities. The learning and teaching 
delivery is a combination of cloud and located 
learning activities. Cloud learning enables stu-
dents to evidence their achievement. Units con-
tain integrated short, accessible, highly visual, 
media-rich, interactive learning experiences 
rebuilt for the mobile screen, and integrating 
learning resources created by Deakin and other 
worldly universities and premium providers. 
Cloud learning requires students to be generators 
of content, collaborators in solving real world 
problems, and evidence their achievements in 
professional and personal digital portfolios. 
With premium cloud learning experiences in 
place, students who come to campus will have 
the opportunity to engage with teaching staff 
and peers and engage in rich interpersonal inter-
action through large and small team activities.
The PODBL cycle involves nine main 
steps. The steps are illustrated in Figure 4 
and described below. Steps 1-3 take place in 
the cloud, step 4-6 is a combination of both 
cloud and located learning, and steps 7-9 are 
performed through located learning:
Step 1 - Project Presentation: The project is 
presented to the team of students by the 
industry client if project is industry based 
or by the academic facilitator if the project 
is university based. The project outline is 
usually open-ended and about half a page 
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in length. It is recommended that a member 
of the team reads the project outline aloud 
to the group without comment at this stage;
Step 2 - Problems Identification: This step 
is all about brainstorming the project. 
The student team could ask the following 
questions:
 ◦ What do we know about this problem 
outlined in the project brief?
 ◦ What do we need to find out about 
the problem?
 ◦ What are the significant issues 
(teaching, learning, technical, social, 
economic and political)?
 ◦ What do we need to learn?
 ◦ What are the priorities? What is most 
important to learn?
One of the rules at this stage is that no evalu-
ative comment is allowed. The aim is simply 
to get as many issues on the board or the cloud 
as possible so that they can be prioritised, spilt/
clumped, and researched in the next step. One 
person in the group is identified to write the 
issues as they are being raised by the members:
Step 3 - Concept Research: The first activity 
that needs to take place as part of this step 
is to identify, discuss, and assign the learn-
ing issues to each and every member of the 
team. Once this is done, each student in the 
team undertakes research into the assigned 
learning issue. Some of the questions that 
may arise could be:
 ◦ What are the essential learning issues 
(for everyone to follow up)?
 ◦ What are the specific learning issues 
(for individuals to follow up)?
 ◦ What resources are available?
Figure 4. The PODBL learning process
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 ◦ Who will look up what (and report 
back to the team)?
 ◦ What are the overlapping issues?
Each member of the team needs to under-
stand what all members have agreed to research 
and what they must contribute to the team. As 
students locate resources that are directly rel-
evant to the learning issues, the other members 
of their PODBL team need to be advised by 
posting a message in the appropriate discussion 
forum on the cloud.
This message must include enough infor-
mation to allow others to locate the resource 
(for books and journals, bibliographic details; 
for Web resources, the URL or Web address); 
a brief summary of the content of the resource 
- cutting and pasting the abstract of a paper is 
often useful; and a comment on why they believe 
the resource is relevant to the learning issue. 
In some cases, a digital copy of the document 
itself may be attached but this should be done 
without breaching the copyright law and for this 
reason, it is not recommended to attach copies 
of scanned chapters of books.
As these resources accumulate and mem-
bers of the team use the online discussion tool 
to comment on and ask questions about the 
resources. Online discussion is an assessed 
task, with marks allocated on the basis of the 
quality and quantity of contributions by each 
participant:
Step 4 - ‘Design Brief’ Development: The 
‘design brief’ is the key project-planning 
document that specifies what the project 
has to achieve, by what means, and within 
what timeframe. During this step, the team 
of students uses the concept research ideas 
and findings to develop the ‘design brief’;
Step 5 - Concept Selection: By evaluating 
the research findings performed in step 
3, during this step the team decides and 
selects the most appropriate concept to be 
used in order to develop their final design;
Step 6 - Design Development: During this 
step, the student team uses the selected 
concept in step 6 to finalise and develop 
their final design. This could include new 
ideas and additional features on top of the 
selected design;
Step 7 - Modelling and Building: During this 
step, the student team models and/or builds 
their design. Depending on the engineering 
stream this could be done using hardware 
equipment, modelling software, and labora-
tory equipment;
Step 8 - Testing and Evaluating: Once the 
design has been modelled and/or built, 
the team tests it and evaluates it against 
the set requirements and specifications. 
Laboratory equipment or industry tools 
could be used at this stage;
Step 9 - Product Delivery: The last step in the 
PODBL cycle is product delivery. This is 
when the student team presents their final 
product to the academic and/or industry 
member(s). The final product can be in the 
form of hardware, software, presentation, 
report, and other deliverables as set and 
agreed upon by the team and the facilitator 
at the start of the project. The final product 
is assessed based on an agreed rubric.
FOCUS OF PODBL AT 
DEAKIN ENGINEERING
At Deakin University, students undertake com-
mon subjects in their first year and then choose 
a discipline to specialise in. This includes civil, 
electrical and electronics, mechanical or me-
chatronics and robotic engineering. This format 
allowed students to make a more informed 
decision and gain a broad base of knowledge in 
engineering. These undergraduate engineering 
courses are designed to meet the requirements of 
Engineers Australia (EA). This research paper 
looks into the program educational objectives, 
student outcomes, assessment methods and 
evaluation of different undergraduate engineer-
ing programs at Deakin University that shows 
how engineering design is practiced and incor-
porated as an important element of the graduate 
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attributes through project oriented design based 
learning curriculum aligned with professional 
accreditation requirements.
Figure 5 illustrates the percentage of 
engineering design in all four different disci-
plines at Deakin engineering. The results were 
mapped through an analysis of each study unit 
of particular disciplines against the elements 
of competencies for Professional Engineers 
by the three professional accrediting bodies as 
shown in Figure 5. This research paper looked 
into the program educational objectives, student 
outcomes, assessment methods and evaluation 
of all 32 units in every discipline. Through 
a qualitative analysis method, the data was 
mapped against elements of competencies to 
obtain the percentage of engineering design.
The mapping results illustrate that every 
engineering discipline has design as a most im-
portant element with Civil at 53%, Mechatronics 
and robotics at 50%, Electrical and Electronics 
at 47%, and Mechanical at 37%. Figure 5 shows 
the detailed outcomes based category mapping 
of the Deakin University Engineering programs 
to Engineers Australia focus on engineering 
design. It describes the implementation phase 
of Deakin University accreditation alignment 
with a focus on project oriented design-based 
learning in Electrical and Electronic engineer-
ing, Mechanical engineering, Civil engineering, 
Mechatronic and Robotics engineering.
CONCLUSION
The findings discussed in this paper would assist 
in developing and implementing a framework 
for learning and teaching model by aligning 
engineering design with accreditation require-
ments in engineering education. This research 
paper identifies the need to enhance important 
skills such as innovation and creativity through 
a whole learning process that incorporates de-
sign based learning features. From the in-depth 
analysis of all program educational objectives, 
student outcomes, assessment methods and 
evaluation of different undergraduate engineer-
ing programs at Deakin University, Engineer-
ing design can be learned and taught through 
project oriented design based learning approach 
Figure 5. Focus of PODBL at Deakin Engineering
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in a convalescent way which is aligned with 
accreditation requirements. Project Oriented 
Design Based Learning is set to have a positive 
effect on student content knowledge and the 
development of skills such as collaboration, 
critical thinking, creativity, innovation, and 
problem solving which increases students’ 
motivation and engagement.
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